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Abstract
The objective of this study was to compare forest soil bulk density values obtained through 
conventional sampling methods such as the volumetric ring (VR: diameter 5 cm, length 10 cm) 
and paraffin sealed clod (PSC), with a variation of the VR, where rectangular boxes (RB) of 
four different dimensions were used. Sampling transects were established on a machine oper-
ating trail located in a beech (Fagus	orientalis Lipsky) stand in Northern Iran. At each 
transect, three soil samples were collected at three different locations. Samples from different 
methods were spaced by a 50 cm distance to avoid direct interactions. The soil class of our 
study area was Combisols according to the WRB classification with a clay texture. Soil bulk 
density differed significantly between the three sampling methods. The lowest values were 
obtained with the RB (average 1.25 g cm-3), followed by the VR (average 1.40 g cm-3), and 
lastly the PSC (average 1.52 g cm-3). The values obtained with four variations of the RB 
method ranged from 1.22 to 1.28 g cm-3 and were not found significantly different. When soil 
bulk density was calculated after the removal of the weight and volume of roots included in 
the samples, the values were determined to be higher than before but with the same range of 
magnitude. The lowest coefficient of variation was found for RB4 (CV=2.3%), while the high-
est values were observed for VR and RB1 (CV=5.7%).
Keywords: paraffin sealed clod, rectangular box, sampling method, soil compaction, volume-
tric ring
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2. Materials and Methods
2.1 Site description
The	study	was	conducted	in	compartment	41	of	the	
third	 district	 of	 Shenrood	 forest,	Guilan	 Province,	
northern	Iran	(between	36°31′56″	N	and	36°32′11″	N	
latitude	and	51°47′49″	E	and	51°47′56″	E	longitude).	





















Table 1 Soil particle size distributions at different depths of the skid 
trail
Horizon Depth, cm Sand, % Silt, % Clay, %
A 0–15 26 26 48
B 15–55 23 28 49
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RB1 1.5 20 20 10
RB2 1.5 20 15 10
RB3 1.5 20 10 10

























to	 the	 laboratory.	 Immediately	 after	 sampling,	 the	
samples	were	 brought	 to	 the	 laboratory	 and	were	
Fig. 1 Different sampling methods used in the study A: Rectangu-
lar Boxes and Volumetric Rings; B: Volumetric Rings; C and D: Rect-
angular Boxes




Number of wheels 4
Tire size, mm 775x813
Ground pressure, kPa 221
Engine power, hp 177
Year of manufacture 1998
Manufacturing location Canada
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Fig. 2 Schematic of the treatment set-up with the location of sampling transects within the research area
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Total	soil	porosity	was	computed	with	Eq.	(4):















































































Fig. 3 Comparison of soil dry bulk densities from values determined 
by different sampling methods (means followed by the same letter 
are not significantly different at p=0.05, error bars indicate stan-
dard deviations)
A. Solgi et al. Comparison of Sampling Methods Used  to Evaluate Forest Soil Bulk Density (247–254)






















Table 4 Percentage differences between measurements of various 
RB dimensions, PSC and VR (comparison of soil bulk densities mea-















[a] Paraffin Sealed Clod; [b] Volumetric Ring; [c] Rectangular Boxes
Fig. 4 Average soil dry bulk density before and after root correction 
for rectangular box methods (means followed by a different letter 
are significantly different at p=0.05, error bars indicate standard 
deviations)
Fig. 5 Distribution of soil dry bulk density values along 200 m lon-
gitudinal segment determined by different sampling methods, error 
bars indicate standard deviations
Table 5 Average soil bulk density values determined by the six 
different methods and respective standard deviations and coeffi-











PSC 1.52a 0.04 2.6
VR 1.39b 0.08 5.7
RB1 1.28c 0.07 5.7
RB2 1.23c 0.06 4.8
RB3 1.22c 0.06 4.9
RB4 1.27c 0.03 2.3
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